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HAL is a multi-disciplinary open access archive for the deposit and dissemination of scientific research documents, whether they are published or not. The documents may come from teaching and research institutions in France or abroad, or from public or private research centers. Table 2 ). All fish species present in the dataset 125 were classified for each type of guild. Number of species and density were selected as 126 potential metrics and calculated for each guild. In the aim of assessing estuaries" ecological 127 status, the retained metrics were supposed to have significant trends with increasing 128 degradation (Breine et al., 2004; Breine et al., 2007) . Thus, for each metric, the expected 129 response with increasing degradations was defined according to literature and expert"s 130
Author-produced version of the article published in Marine Pollution Bulletin, 2010, vol. 60, n° 6, p. 908 -918 The original publication is available at http://www.sciencedirect.com/ doi : 10.1016/j.marpolbul.2010.01.001 judgements and only the metrics known to negatively respond to increasing anthropogenic 131 pressures were retained (Table 3) The metrics expressed in density were composed of 0 inflated data, which made inappropriate 145 the use of linear models. Thus, a delta type model that consisted in a combination of two 146 models was used (Stefansson, 1996 estuarine size was included in the models, as a class factor distinguishing the large (>100 182 km²) from the small estuaries. As, the large estuaries were sampled with the large beam trawl 183 and the small estuaries with the small one (except for the Loire estuary which was sampled 184 with the small gear in its oligohaline area), estuarine size and type of beam trawl were 185 strongly correlated, which induced redundancy in the models. One of these two variables has 186 to be removed. Hence, the variable "size of estuary", replaced the variable "type of beam 
Metric selection 228 229
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The checkout of initial hypotheses concerning the expected trends of the metrics with 230 increasing degradation is an essential step to build multimetric indices (Roset et al., 2007) . A 231 metric (density or species richness, global or by guild) was retained only when the initial 232 hypothesis of its trend with increasing anthropogenic disturbances was confirmed by models. values of these models were calculated for 3 levels of anthropogenic pressure. In the studied 243 estuaries, the highest value of the overall contamination index was found in the Seine estuary 244 and the lowest in the Mont Saint Michel Bay (Fig. 3) ; these values were used to respectively 245 simulate high and low pressure. Then the mean of these two extreme values was used to 246 characterize an intermediate level of pressure. 247
To define confidence intervals, we simulated 5000 virtual observations for the different 248 models (glm Poisson) and submodels (glm Binomial and glm Gaussian), with means equal to 249 the corresponding predicted values and standard deviation equal to corresponding predicted 250 standard errors. For metrics of densities, the 5000 simulated probabilities of presence and the 251 5000 simulated log-densities were then multiplied to produce 5000 simulated densities. 252
Finally, for each metric, the 10% and 90% quantiles of the 5000 simulated densities or 253 number of species were used as confidence intervals. 254
Thresholds were defined by considering the gap between the confidence intervals around the 255 predicted value obtained for the 3 simulated levels of pressure. The thresholds were expressed 256 as numbers of species for the metrics related to species richness and as log-densities for the 257 metrics of total density or density per guild. Hence, for each metric discriminating between 258 the three levels of pressure, two thresholds distinguishing three quality classes were 259 calculated according to the protocol and environmental conditions (Fig. 4a) . However, when 260 the confidence intervals overlapped for most of the combinations of natural variables, we 261 considered that the risk of uncertainty was too high and we decided not to maintain the metric 262 into the multimetric index (Fig. 4c) ; when confidence intervals only overlapped under certain 263 conditions, the metric was kept (Fig. 4b) . 264 265
Scoring 266 267
For each metric, the value calculated from the dataset was compared to the thresholds defined 268 previously to estimate scores (Roset et al., 2007) . A score was attributed only if the number of 269 hauls realised for the corresponding season and salinity class was considered as sufficient to 270 provide a reliable representation of the fish metric. Some preliminary analyses (unpublished 271 data) based on bootstrapping on a pool of virtual trawl hauls generated by the models were 272 made in order to determine what is this "sufficient" number of trawl hauls. Though these 273
analyses have still to be improved, results tend to show that with 6 trawl hauls, it is possible to 274 get an assessment of fish densities with an acceptable error, which means that this error does 275 not lead to a misclassification of the salinity class ecological status. Here it was thus assumed 276 that 6 trawl hauls per salinity class and per season may allow to assess accurately the 277 ecological status of a salinity class. 278
A score equal to (Fig. 4) : 279
Author-produced version of the article published in Marine Pollution Bulletin, 2010, vol. 60, n° 6, p. 908 -918 The original publication is available at http://www.sciencedirect.com/ doi : 10.1016/j.marpolbul.2010.01.001 -1 was attributed if the metric value was situated below the prediction realized for the 280 maximum of pressure i.e. the worst class of quality, 281 -3 was attributed if the metric value was situated between the predictions for the 2 levels of 282 pressure i.e. the class of moderate quality, 283 -5 was attributed if the metric value was situated above the prediction for the minimum of 284 pressure i.e. the best class of quality. 285
When the 10% and 90% quantiles of two consecutive levels of pressure overlapped, a score of 286 2 or 4 was attributed for the metric values situated into the uncertainty area (Fig. 4b) . 287
The scores obtained for each season and each salinity class were added and divided by the 288 maximal potential score (5 x number of summed scores) to get one value for each metric and 289 each estuary. These values per metric were then averaged to get the final value of the 290 multimetric index for each estuary. Freshwater and fish feeder species were absent in more than 90% of the trawl hauls, so 299 modelling for them was irrelevant. The models testing the effect of the pollution index are 300 described in Table 4 . The descriptors of the protocol and the environmental features were 301 significant for most of the metrics and they partly explained their variability. 11 metrics 302 showed significant trends with increasing pressure, 10 being negative (Table 4) 
thus identical 303
to the expected effect of pressure (Table 3) . Hence, these 10 metrics were retained in this first 304 step of the analysis to potentially be included in the final multimetric fish index. 305
The study of the correlations between metrics revealed that benthic species and benthic feeder 306 species were strongly correlated. The Pearson correlation coefficient reached 94% between 307 the number of species of these two guilds and 100% for the densities. Hence, to avoid 308 redundancy in the final fish index, only metrics concerning benthic species, easier to identify, 309 were selected to compose the final index and benthic feeder metrics were not retained. 310 311
Discriminance of metrics with regard to different levels of anthropogenic disturbances 312 313
The 10% and 90% quantiles of two consecutive levels of pressure overlapped for all the 314 metrics expressed in number of species (Table 4) . Thus, these metrics were considered as 315 irrelevant for assessing the ecological status of French estuaries with the present approach. 316
The quantiles also overlapped for the densities of diadromous and marine juveniles in the 317 small Atlantic estuaries. Nevertheless, these metrics were maintained into the multimetric 318 index, as the uncertainty area was limited to specific conditions. 319
Finally, four metrics were retained: total density (TD), density of diadromous migrant species 320 (DDIA), density of marine juvenile migrants (DMJ) and density of benthic species (DB) 321 (Table 4) 
Multimetric index values
According to comparisons between in situ data and thresholds (Fig. 4) , scores were attributed 328 for each fish metric in each combination of factor describing sampling protocol and estuarine 329 features; then these scores were combined in a multimetric index value for each estuary. For 330 the 13 Atlantic and English Channel estuaries, the multimetric fish index values ranged from 331 0.26 in the Gironde estuary to 0.95 in the Mont St Michel Bay (Fig. 5) . A linear regression 332 showed a significant negative relationship (r²=0.35, p.value<0.05) between this estuarine 333 multimetric fish index and the index of contamination (Fig. 6) . 334 depend on sampling and that it is necessary to consider these metrics at the sampling site scale 372 in estuaries" status assessment to take into account the patterns of natural variations. On the 373 contrary, designing fish metrics at the scale of the estuary would restrict the analysis to the 374 number of sampled systems (here: 13) and would lead to use very simple models, few 375 synthetic descriptors and spurious approach to take into account differences in sampling 376 protocol. In conclusion, the effects of the sampling design cannot be summarized at the scale 377
Author-produced version of the article published in Marine Pollution Bulletin, 2010, vol. 60, n° 6, p. 908 -918 The original publication is available at http://www.sciencedirect.com/ doi : 10.1016/j.marpolbul.2010. factors affecting fishes can not be included in models. The present approach was a balance 395 between available exhaustive descriptors, models parsimony and limited complexity in 396 threshold calculation. In spite of a large residual variability, this approach provides a simple 397 and robust method to estimate fish metric levels with regard to estuaries" quality. 398 399
Selected metrics, ecosystem functioning and ecological status 400 401
Among the 16 candidate metrics, 10 were found to respond significantly to anthropogenic 402 pressure in the expected direction. Species richness and fish densities are usually considered 403 as good indicators for ecological status of estuaries (Hughes et al., 1982) . Most of the selected 404 metrics describe the structure of fish assemblages using the concept of guilds. The guild 405 approach has been recognized to be a good scheme to describe and explain transitional 406 waters" community structure and estuarine functionalities (Deegan et 
Metrics of fish density 420
The metric of total density was selected for the multimetric fish index. The total density 421 appeared to be a common surrogate for system productivity and a good element to evaluate 422 ecosystem health (Karr, 1981 
impact of anthropogenic disturbances on ecological status of estuaries, one of the main 502 challenges is to determine relevant descriptors of these disturbances. While such a measure 503 does not exist, the strength and accuracy of the link between index of ecological status and 504 anthropogenic pressure can not be estimated and discrepancies in scoring pressure relations 505 are difficult to analyse. Nevertheless, the proposed methodology allowed to build a fish index 506 able to detect the impacts of the human activities on fishes and to evaluate the quality status 507 of the fish communities in transitional waters. prevents from using such complex selection approach. 523
Indeed, the number of selected metrics in this study seemed low compared with other 524 multimetric fish indices and future works to consider additional metrics will be helpful to 525 improve the assessment of ecological status in estuaries. Further alternatives can be used to 526 provide complementary metrics. Metric calculation at the salinity class scale instead of for 527 each sample should provide interesting prospects. This approach could be fruitful to integrate 528 new metrics, and especially those based on species richness. First it will allow to reach higher 529 level of estimation for this family of metrics (global or by guilds), as the number of species 530 has been demonstrated to increase log-linearly with the number of samples (Krebs, 1999 ; 531
Nicolas et al., In press). Indeed, the species richness is higher when samples are pooled than 532 for a single one. This will probably allow to obtain significant thresholds as difference 533 between class (in number of species) will increase with the estimate average. Nevertheless, it 534 would be based on pooled data thus on fewer degrees of freedom and that would increase 535 problems to include natural contrasts and sampling strategy in the models. Hence, further 536 thorough work has to be done in this direction (Nicolas et Table2 Table 4 .
Summary of the models used for each candidate metrics. *, **, *** the factors or pressure effects are significant at respectively the 0.05, 0.01 and 0.001 levels. The metric significantly decreased (-), increased (+) or showed no significant trend (NS) with increasing pressure. Table4
